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DIFFERENT GW MODELS USED IN
INSIGHT PROJECT




INSIGHT SUB-BASIN BASED MODEL ZONES

INSIGHT Sub-hasin

Big Nemaha River - Little Blue River Micbrars River Above Box Butte - Morth Platte River Above Lewellen
- Little Nemaha River Middle Loup River Nicbrara River Box Butte to Gordon Morth Platte River Lewellen to North Platte
Lodgepole Cresk - Middle Platte River Above Cverton - Migbrara River Gordon to Sparks - South Loup River
0 Eszite crea [ Ekhorn River Above Morfolk Lower Loup River B Middie Pistte River Grand Island to Duncan [JJll Niobrara River Spars & Spencer South Flatte R iver
I =xhorn River Narfakk to Waterloo Il Lower Fiste River Above North Bend I niddie Fistte River Overton to Grand Island [l Niobrara River Spencer to Nicbrara I vvecring Water Creek

I & Blue River Lower Plate River North Bend to Loubville [l Misouri River Narth Loup R iver



INSIGHT SUB-BASIN BASED MODEL ZONES




GW DEPLETION CONCEPT

Natural conditions

Frecipitafon
Evaporation

Riparian zone

Streamn

— Water-level declines
T Ground-wa far flow

Confining unit

Precipitaton

Ground-water flow

Confining unit
Source: water.usge.gov



CALCULATION-NUMERICAL APPROACH

= Calculation of historic groundwater depletion
- How to calculate stream baseflow reduction and to what should it be
compared against?

" No Pumping (Baseline scenario) model version
- Historic land use data included
- Only surface water available for crop irrigation
- If crop water demand is not met by irrigated surface water, it
remains as it is

®" Pumping (GW Irrigation Development) model version
- Historic land use data included
- Both surface water and groundwater available for crop irrigation
- If crop water demand is not met by irrigated surface water,
groundwater irrigation takes place to full crop water demand



BASIC PROCEDURE

. Extend the Baseline model time-frame to year 2012
. Prepare two versions of extended groundwater model

- model with historic groundwater pumping (Pumping version)
- model with no groundwater pumping (NoPumping version)

. Run the MODFLOW program

. Run ZoneBudget program to produce the zonal water budget
- zones in a model based on INSIGHT sub-basins

. Post-process the ZoneBudget outputs

. Calculate annual, peak and non-peak groundwater depletion
volume by sub-basin zones

. Addition of groundwater depletion volumes of zones between
two models that falls within a same sub-basin



FOLDER STRUCTURE IN SERVER AND FTP
SITE

File Edit View Tools Help

Organize = Include in library - Share with = Burn Mew folder = - O @
m Mame . Date modified Type Size
=
:~_ . Model_Files_MoPumping 3/13/2014 4:12 PM File folder
4 . Model_Files_Pumping 3/13/2014 4:12 PM File folder
3 . Processing 3/13/2014 4:13 PM File folder
-
=
i
-]
LS

3 items



PROCEDURE

1. Open output file after running zone budget program

PERIOD  STEP ZONE STORAGE CONSTANT HEAD WELLS ET HEAD DEP BOUNDS RECHARGE STREAM LEAKAGE STORAGE CONSTANT HEAD WELLS ET HEAD DEP BOUNDS RECHARGE STREAM LEAKAGE
T T T TOOETOT TOOETOU - UUULTOU | DUoETOU TETETO ey T SUETO TOOETOT TOOETO0 - T USETUT | L.IICTOT TOOETOT TOOETOT SOZETOT
1 1 2 0.00E+00 0.00E+00,  0.00E+00| 0.00E+00 0.00E+00 3.35E+07 9.82E+09 0.00E+00 0.00E+00  3.62E+04 1.98E+07 0.00E+00 0.00E+00 1.74E+07
1 1 4 0.00E+00 1.69E+04  0.00E+00  0.00E+00 0.00E+00 5.71E+06 6.51E+04 0.00E+00 9.18E+05  0.00E+00| 3.43E+06 0.00E+00 0.00E+00 1.45E+06
1 1 5 0.00E+00 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 2 DOE+O7 1.13E+09 0.00E+00 0.00E+00  0.00E+00 1.04E+07 0.00E+00 0.00E+00 1.04E+07
1 1 ] 0.00E+00 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 6.26E+06 0.00E+00) 0.00E+00 0.00E+00  0.00E+00| 2.23E+06 0.00E+00 0.00E+00 4 54E+06
1 1 7 0.00E+00 0.00E+00  0.00E+00| 0.00E+00 2. 56E+04 1.65E+07 2.37E+09 0.00E+00 0.00E+00  1.29E+05| 4.40E+06 2 67E+06 0.00E+00 6.94E+06
1 1 8 0.00E+00 0.00E+00  0.00E+00| 0.00E+00 9.21E+06 7.25E+07 5.75E+08 0.00E+00 0.00E+00  6.56E+04 2.63E+07 0.00E+00 0.00E+00 5.60E+07
1 1 9 0.00E+00 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 6.34E+07 2 26E+08 0.00E+00 0.00E+00  4.43E+04 2.12E+07 0.00E+00 0.00E+00 5.33E+07
1 1 10 0.00E+00 0.00E+00,  0.00E+00| 0.00E+00 0.00E+00 5.64E+07 6.02E+09 0.00E+00 0.00E+00  B.82E+03 2.94E+07 1.06E+05 0.00E+00 2 79E+07
1 1 11 0.00E+00 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 4.44E407 2.05E+09 0.00E+00 0.00E+00  2.53E+04 1.44E407 0.00E+00 0.00E+00 2 56E+07
1 1 12 0.00E+00 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 2 34E+07 3.99E+09 0.00E+00 0.00E+00  B.31E+04 8.37E+06 0.00E+00 0.00E+00 1.48E+07
1 1 15 0.00E+00 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 3.49E+07 5.85E+09 0.00E-H)DI O.ODE-\‘OOII 2 25E+05 2.16E+07 0.00E+00 0.00E+00 1.70E+07
1 1 18 0.00E+00 0.00E+00  0.00E+00| 0.00E+00 1.44E+04 4.67E+06 1.84E+09 0.00E+00 0.00E+00,  2.15E+04| 2.63E+06 4.87E+05 0.00E+00 2_30E+06
1 1 15 0.00E+00 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 1.15E+05 8.75E+034 0.00E+00 0.00E+00  0.00E+00 2.50E+05 0.00E+00 0.00E+00 4 23E+04
2 1 1 3.19E+07 0.00E+00  0.00E+00| 0.00E+00 9.91E+06 9.97E+06 4.50E+08 153E+04 0.00E+00  4.13E+04 1.11E+07 0.00E+00 0.00E+00 4 99E+07
2 1 2 1.33E+07 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 2 19E+07 1.00E+0H 1.76E+06 0.00E+00  7.92E+04 1.97E+07 0.00E+00 0.00E+00 1.73E+07
2 1 4 1.27E+06 1.74E+04  0.00E+00 0.00E+00 0.00E+00 4.41E+06 6.76E+04) 1.68E+04 ©.10E+05  0.00E+00| 3.42E+06 0.00E+00 0.00E+00 1.43E+06
2 1 5 8.24E+06 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 1.21E+07 1.33E+09 6.64E+05 0.00E+00  0.00E+00 1.04E+07 0.00E+00 0.00E+00 1.02E+07
2 1 ] 3.66E+06 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 2 57E+06 0.00E+00) 0.00E+00 0.00E+00  0.00E+00| 2.23E+06 0.00E+00 0.00E+00 4 52E+06
2 1 7 8.25E+06 0.00E+00  0.00E+00| 0.00E+00 2 55E+04 8.40E+06 2. 41F+0Y 199E+05 0.00E+00  1.57E+05| 4.40E+06 2 66E+06 0.00E+00 6.90E+06
2 1 2 4.66E+07 0.00E+00  0.00E+00| 0.00E+00 9.22E+06 2 52E+07 5.83E+04 3.84E+03 0.00E+00  9.07E+04 2.63E+07 0.00E+00 0.00E+00 5.55E+07
2 1 9 3.85E+07 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 2 46E+07 2. 27E+08 6.37E+04 0.00E+00  7.38E+04 2.12E+07 0.00E+00 0.00E+00 5.29E+07
2 1 10 197E+07 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 3.94E+07 6.04E+05 2 82E+H06 0.00E+00  1.10E+04 2.94E+07 1.06E+05 0.00E+00 2 77E+07
z 1 11 2 76E+07 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 1.60E+07 2 69E+0Y 2. 22F+04 0.00E+00  5.22E+04 1.43E+07 0.00E+00 0.00E+00 2 49E+07
2 1 12 1.51E+07 0.00E+00  O.00E+00| 0.00E+00 0.00E+00 817E+06 4 17E+09 0.00E+00 0.00E+00  1.26E+05  8.37E406 0.00E+00 0.00E+00 1.47E+07
2 1 15 2 39E+07 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 1.09E+07 6.11F+09 145E+03 0.00E+00  3.23E4+05 2.15E+07 0.00E+00 0.00E+00 1.69E+07
2 1 18 2. 32E+06 0.00E+00  0.00E+00| 0.00E+00 1.44E+04 2. 33E+06 1.88E+09 0.00E+00 0.00E+00  3.28E+04 2.63E+06 4.87E+05 0.00E+00 2 28E+06
2 1 19 1.84E+04 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 9.54E+04 8.75E+03 0.00E+00 0.00E+00  0.00E+00 2.50E+05 0.00E+00 0.00E+00 4 18E+04
2 2 1 3.16E+07 0.00E+00  0.00E+00| 0.00E+00 9.92E+06 9.97E+06 4. 49E+08 1.43E+04 0.00E+00  4.13E+04 1.11E+07 0.00E+00 0.00E+00 4 96E+07
2 2 2 1.32E+07 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 2 19E+07 1.02E+0§ 1.73E+06 0.00E+00  7.92E+04 1.97E+07 0.00E+00 0.00E+00 1.72E+07
2 2 4 1.24E+06 1.81F+04  0.00E+00 0.00E+00 0.00E+00 4 41E+06 7.02E+04 1.65E+04 9.02E+05  0.00E+00| 3.41E+06 0.00E+00 0.00E+00 1.41E+06
2 2 5 8.05E+06 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 1.21E+07 1.46E+09 6.59E+05 0.00E+00  0.00E+00 1.04E+07 0.00E+00 0.00E+00 1.00E+07
2 2 3] 3.63E+06 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 257E+06 0.00E+00) 0.00E+00 0.00E+00  0.00E+00| 2.23E+06 0.00E+00 0.00E+00 4 49E+06
2 2 7 8.18E+06 0.00E+00  0.00E+00| 0.00E+00 2.54E+04 8.40E+06 2 46E+0Y 196E+05 0.00E+00  1.57E+05| 4.40E+06 2 66E+06 0.00E+00 6.87E+06
2 2 8 4.61E+07 0.00E+00  0.00E+00| 0.00E+00 9.22E+06 2 52E+07 5.92E+0§ 3.11E+03 0.00E+00  9.07E+04 2.63E+07 0.00E+00 0.00E+00 5.50E+07
2 2 =] 3.81E+07 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 2 4BE+D7 2.28E+04 5.23E+04 0.00E+00  7.38E404 2.12E407 0.00E+00 0.00E+00 5.26E+07
2 2 10 1.94E+07 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 3.94E+07 6.06E+09 2 79E+06 0.00E+00  1.10E+04 2.94E+07 1.07E+05 0.00E+00 2 75E+07
2 2 11 2 70E+07 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 1.60E+07 3.40E+0Y 2 .04E+04 0.00E+00  5.22E+04 1.43E+07 0.00E+00 0.00E+00 2 44E+07
z z 1z 1.48E+07 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 8.17E+06 4.35E+09 0.00E+00 0.00E+00  1.26E+05| 8.36E+06 0.00E+00 0.00E+00 1.45E+07
2 2 15 2. 38E+07 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 1.09E+07 6.40E+05 1.37E+03 0.00E+00  3.23E+05 2.15E+07 0.00E+00 0.00E+00 1.68E+07
2 2 18 2 29E+06 0.00E+00  0.00E+00| 0.00E+00 1.45E+04 2. 33E+06 1.93E+09 0.00E+00 0.00E+00  3.28E+04  2.62E+06 4. 86E+05 0.00E+00 2 26E+06
2 2 15 1.76E+04 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 9.54E+04 8.76E+03 0.00E+00 0.00E+00  0.00E+00 2.50E+05 0.00E+00 0.00E+00 4 12E+04
2 3 1 3.14E+07 0.00E+00,  0.00E+00| 0.00E+00 9.92E+06 9.97E+06 4. 48E+0G 1.33E+04 0.00E+00  4.13E+04 1.11E+07 0.00E+00 0.00E+00 4 94E+07
2 3 2 1.30E+07 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 2 19E+07 1.03E+06 1.70E+06 0.00E+00  7.92E+04 1.96E+07 0.00E+00 0.00E+00 172E407
2 3 4 1.20E+06 1.88E+04  0.00E+00  0.00E+00 0.00E+00 4 41E+06 7.15E+04 1.62E+04 892E+05  0.00E+00| 3.40E+06 0.00E+00 0.00E+00 1 40E+06
2 3 5 7.88E+06 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 1.21E+07 1.58E+09 6.52E+05 0.00E+00  0.00E+00 1.04E+07 0.00E+00 0.00E+00 9.91E+06
2 3 [ 3.61E+06 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 2 57E+06 0.00E+0]) 0.00E+00 0.00E+00  0.00E+00| 2.23E+06 0.00E+00 0.00E+00 4. 4T7E+06
2 3 7 8.12E+06 0.00E+00  0.00E+00| 0.00E+00 2.53E+04 8.40E+06 2 51F+0Y 193E+05 0.00E+00  1.56E+05| 4.40E+06 2 66E+06 0.00E+00 6.83E+06
2 3 8 4. 55E+07 0.00E+00  0.00E+00| 0.00E+00 9.22E+06 2 52E+07 6.00E+06 2.42E+03 0.00E+00  9.07E+04 2.62E+07 0.00E+00 0.00E+00 5.46E+07
2 3 9 3.78E+07 0.00E+00  0.00E+00| 0.00E+00 0.00E+00 2. 46E+D7 2.29E+0H 4.48E+04 0.00E+00  7.38E+04 2.11E+07 0.00E+00 0.00E+00 5.24E+07




PROCEDURE

2. Calculation of net rate terms (IN - OUT) of model components

Model_Files_NoPumping Model_Files_Pumping

NET_STORAGE NET_CONSTANTHD NET_WELLS NET_ET NET_GHB NET_RECH  NET_STR NET_STORAGE MNET_CONSTANTHD NET_WELLS NET_ET NET_GHB MET_RECH  NET_STR
0.00E+00 0.00E+00  4.03E+04 1.11E+07 -991E+06 -4.22E+07 4.57E+07 0.00E+00 0.00E+00  4.03E+04 1.11E+07 -9.91E+06 -4.22E+07 4.57E+07
0.00E+00 0.00E+00  3.62E+04  1.98E+07 0.00E+00  -3.35E+07 1.64E+07 0.00E+00 0.00E+00  3.62E+04  1.9BE+07 0.00E+00  -3.35E+07 1.64E+07
0.00E+00 S9.01E+05 O0.00E+00  3.43E+06 0.00E+D0  -5.71E+06 1.39E+06 0.00E+00 9.01E+05 0.00E+D0  3.43E+06 0.00E+00  -5.71E+06 1.39E+06
0.00E+00 0.00E+00  0.00E+00  1.04E+07 0.00E+00  -2.00E+07 1.03E+07 0.00E+00 0.00E+00  0.00E+D0  1.04E+07 0.00E+00  -2.00E+07 1.03E+07
0.00E+00 0.00E+00  O0.00E+00  2.23E+06 0.00E+D0  -6.26E+06 4.54E+06 0.00E+00 0.00E+00  O0.00E+D0  2.23E+06 0.00E+00  -6.26E+06 4.54E+06
0.00E+00 0.00E+00  1.29E405  4.40E+06 2 64E+06  -1.65E+07 6.70E+06 0.00E+00 0.00E+00  1.29E+05  4.40E+06 2.64E406  -1.65E+07 6.70E+06
0.00E+00 000E+00  6.56E+04 2.63E+07 -921F+06 -7.25E+07 S5.03E+07 0.00E+00 0.D00E+D0  656E+04 263E+07 -9.21F+06  -7.25E+07 S5.03E+07
0.00E+00 0.00E+00  4.43E+04  2.12E+07 0.00E+00  -6.34E+07 5.11F+07 0.00E+00 0.00E+00  4.43E+04 2. 12F+07 0.00E+00  -6.34E+07 5.11E+07
0.00E+00 0.00E+00  8.82E+03  2.94E+07 1.06E+05  -5.64E+07 2.73E+07 0.00E+00 0.00E+00  8.82E+03  294E+07 1.06E405  -5.64E+07 2.73E+07
0.00E+00 000E+00  2.53E+04  1.44E+07 0.00E+D0 -4 44E+07 2.54E+07 0.00E+00 0.00E+D0  253E+04  1.44E+07 0.00E4+00 -4 44E+07 2.54E+07
0.00E+00 0.00E+00 8.31E+04 B8.37E+06 0.00E+00  -2.34E+07 1.44E+07 0.00E+00 0.00E+00 8.31F+04 B8.37E+06 0.00E4+00 -2 34E+07 1.44E+07
0.00E+D0 0.00E+00  2.25E+05  2.16E+07 0.00E+00  -3.4S5E+07 1.65E+H07 0.00E+00 0.00E+00  2.25E+05  2.1GE+07 0.00E+00  -3.49E+07 1.65E+07
0.00E+D0 0.00E+00  2.15E+04  2.63E+06 473E+05  -4.67E+06 2.11E+06 0.00E+00 0.00E+00  2.15E+04  2.63EH06 473E+05  -4.67E+06 2.11E+06
0.00E+00 0.00E+00 0.00E+00  2.50E+05 0.00E+00  -1.15E+05 3.36E+04 0.00E+00 0.00E+00  0.00E+D0  2.50E+05 0.00E+00  -1.15E+05 3.36E+04
-3.19E4+07 0.00E+00  4.13E+04 1.11E+07 -991E+06 -9.97E+06 4.54E+07 -3.19E+07 0.00E+00  4.13E+04 1.11E+07 -9.91E+06 -5.97E+06 4.54E+07
-1.15E+07 0.00E+D0  7.92E+04  1.97E+07 0.00E+00  -2.19E+07 1.63E+07 -1.15E+07 0.00E+00  7.92E+04 197E+07 0.00E+00  -2.19E+07 1.63E+07
-1.25E+06 8.93E+05 0.00E+00 3.42E+06 0.00E+00  -4.41E+06 1.36E+06 -1.25E+06 8.93E+05 0.00E+D0  3.42E+06 0.00E+00 -4.41E+06 1.36E+06
-7.58E+06 0.00E+00  0.00E+00  1.04E+07 0.00E+00  -1.21E+07 1.01EH07 -7.58E+06 0.00E+00  0.00E+00  1.04E+07 0.00E+00  -1.21E+07 1.01E+07
-3.66E+06 0.00E+00  0.00E+00  2.23E+06 0.00E+00  -2.57E+06 4.52E+06 -3.66E+06 0.00E+00  0.0DE+D0  2.23E+06 0.00E+00  -2.57E+06 4.52E+06
-8.05E+06 0.00E+00  1.57E+05  4.40E+06 2.64E+06  -8.40E+06 6.66E+0B -8.05E+06 0.00E+00  1.57E405  4.40E+06 2.64E406  -B.40E+06 6.66E+06
-4.66E+07 0.00E4+00  9.07E+04  2.63E+07 -9.22E+06  -2.52E+07 4.96E+07 -4.66E+07 0.00E+00  9.07E+D4  2.63E+07 -9.22E406  -2.52E+07 4.96E+07
-3.B4E407 0.00E+00  7.38E+04  2.12E+07 0.00E+00  -2.46E+07 5.07E+07 -3.84E+07 0.00E+00  7.3BE4+04  2.12E+07 0.00E4+00  -2.46E+07 5.07E+07
-1.68E+07 0.00E+00  1.10E+04  2.94E+07 1.06E+05 -3.94E+07 2.71E+07 -1.68E+07 0.00E+00  1.10E+04  2.94E+07 1.06E+05  -3.94E+07 2.71E+07
-2.75E+07 0.00E+00  5.22E+04  1.43E+07 0.00E+00  -1.60E+07 2.46E+07 -2.75E+07 0.00E+00  5.22E+04  1.43E+07 0.00E+00  -1.60E+07 2.46E+07
-1.51E+07 0.00E+00 1.26E+05 B.37E+06 0.00E+00  -8.17E+06 1.42E+07 -1.51E+07 0.00E+00  1.26E+05 B.37E+06 0.00E+00  -B.17E+06 1.42E+07
-2.39E4+07 0.00E+00  3.23E405  2.15E+07 0.00E+00  -1.09E+07 1.63E+07 -2.39E+07 0.00E+00  3.23E+05  2.15E+07 0.00E+00  -1.09E+07 1.63E+07
-2.32E4+06 0.00E+00  3.28E+04  2.63E+06 473E+05 -2.33E+06 2.09E+06 -2.32E+06 0.00E+00  3.28E+04  2.63E+06 4.73E405  -2.33E+06 2.09E+06
-1.34E+04 0.00E+00  0.00E+00  2.50E+05 0.00E+D0  -9.54E+04 3.31E+04 -1.84E+04 0.00E+00  0.00E+D0  2.50E+0S 0.00E+00  -9.54E+04 3.31E+04
-3.16E+07 0.00E+00  4.13E+04 1.11E+07 -9.92E+06 -9.97E+06 4.51E+07 -3.16E+07 0.00E+00  4.13E+04 1.11E+07 -9.92E+06 -9.97E+06 4.51E+07
-1.14E407 0.00E+00  7.92E+04  1.97E+07 0.00E+00  -2.19E+07 1.62E+07 -1.14E+07 0.00E+D0  7.92E+04  197E+07 0.00E+00  -2.19E+07 1.62E+07
-1.22E4+06 8.84E+05 0.00E+00 3.41FE+06 0.00E+00 -4 41F+06 1.34E+06 -1.22E+06 8B84FE+05 0.00E+D0 3.41F+06 0.00E+00 -4 41F+06 1.34E+06
-7 40E+06 0.00E+00 0.00E+00  1.04E+07 0.00E+00  -1.21F+07 9.89E+06 -7.40E+06 0.00E+00  0.00E+D0  1.04E+07 0.00E+00  -1.21F+07 9.89E+06
-3.63E+06 0.00E+00 0.00E+00  2.23E+06 0.00E+D0 -2 57E+06 4.49E+06 -3.63E+06 0.00E+00  0.00E+D0 2 23E+06 0.00E+00  -257E+06 4.49E+06
-7 99E+06 0.00E+00 1576405  4.40E+06 2 64E+06  -8.40E+D6 6.62E+06 -7 .99E+06 0.00E+00  157E+05  4.40E+06 2.64E406  -B.ADE+06 6.62E+06
-4 61E+07 0.00E+00  9.07E+04  2.63E+07 -9.22E+06 -252E+07 491E+07 -4 61E+07 0.00E+00 9.07E+04 263E+07 -922E406 -252E+07 4.91E+07
-3.81E+07 0.00E+00  7.38E+04  2.12E+07 0.00E+D0 -2 46E+07 5.04E+07 -3.81E+07 0.00E+00  7.38E+04  Z2.12E+07 0.00E+00 -2 46E+07 5.04E+07
-1.66E+07 0.00E+00  1.10E+04  2.94E+07 107E+05  -3.94E+07 2.69E+07 -1.66E+07 0.00E+00  1.10E+04  2.94E+07 1.07E+05  -3.94E+07 2.69E+07
-2.70E+07 0.00E+00  5.22E+04  1.43E+07 0.00E+00  -1.60E+07 2.41E+07 -2.70E+07 0.00E+00  5.22E+04  1.43E+07 0.00E+00  -1.60E+07 2.41E+07
-1.48E+07 0.00E+00  1.26E+05  8.36E+06 0.00E+00  -8.17E+06 1.40EH07 -1.48E+07 0.00E+00  1.26E+05  B8.36E+06 0.00E+00 -8.17E+06 1.40E+07
-2.38BE+07 0.00E+00  3.23E405  2.15E+07 0.00E+00  -1.09E+07 1.62E+07 -2.38E+07 0.00E+00  3.23E+05  2.15E+07 0.00E+00  -1.09E+07 1.62E+07
-2.29E+06 0.00E+00  3.28E+04  2.62E+06 472E+05  -2.33E+06 2.07EHDG -2.29E+06 0.00E+00  3.2BE+04  2.62E+06 472E4+05 -2.33E+06 2.07E+06
-1.76E+04 0.00E+00 0.00E+00  2.50E+05 0.00E+00  -9.54E+04 3.24E+04 -1.76E+04 0.00E+00  0.00E+D0  2.50E+0S 0.00E+00  -9.54E+04 3.24E+04

-3.14E407 0.00E+00  4.13E+04  1.11E+07 -9.92E+06 -9.97E+06 4.49E+07 -3.14E+07 0.00E+00  4.13E+04 1.11E+07 -9.92E+06 -9.97E+06 4.49E+07



PROCEDURE

3. Calculation of groundwater depletion rate (

- ,I?r =CENEB_NoPumping!AC41-CENEB_Pumping!AF4L
B C D E F G H | ] K L M
PERIOD  STEP ZONE STORAGE_DEPL CHD_DEPLWEL DEPLET_DEPL GHB_DEPL RCH_DEPLSTR_DEPL BetwZones sumall

1 1 1 0.00E+00 0.00E+00 -4.03E+04 1.18E+03 -1.00E+00 0.00E+HDO 39020.00  3.52E+06 3523778.15
1 1 2 0.00E+00 0.00E+00 -3.62E+04 9.85E+03 0.00EH00 3.47EHD3 22145.00  5.14E+06 5140843.86
1 1 4 0.00E+00 3.39E+02 0.00E+00 2.00E+00 O0.00E+00 0.00E+HDO 1.14 1.37e+06 1366728.38
1 1 3 0.00E+00 O0.00E+00 O0.00E+00 2.00E+01 0.00E+00 0.00E+00 -3.60 1.45E+06 1448681.40
1 1 6 0.00E+00 0.00E+00 0.00E+00 1.40E+01 0.00E+00 O0.00E+HDO 6205.00  1.82E+06 1822683.00
1 1 7 0.00E+00 0.00E+00 -1.29E+05 1.96E+04 2.52E+03 4.41E+03 82439.50  4.85E+00 4832570.22
1 1 8 0.00E+00 0.00E+00 -6.56E+04 2.99E+04 3.00E+00 5.33E+H03 52167.00  3.20E+07 #HiHHHHHH
1 1 9 0.00E+00 0.00E+00 -4.43E+04 3.22E+03 0.00E+00 1.26E+H04 27281.00  1.7AE+H07 #HHHHHHH
1 1 10 0.00E+00 0.00E+00 -8.82E+03 1.04E+04 2.30E+H00 3.8YEHD3 9687.80  7.25E+06 7266007.11
1 1 11 0.00E+00 0.00E+00 -2.53E+04 1.29e+03 0.00E+00 1.12E+H04 1449490  1.2BEH0T #HHHAHHAH
1 1 12 0.00E+00 O0.00E+00 -8.31E+04 3.20E+03 0.00E+00 2.80E+04 51539.50 8.25E+06 8252569.95
1 1 15 0.00E+00 O0.00E+00 -2.25E+05 4.89E+04 0.00E+00 3.86E+04  139870.90 1.18E+07 | sHHHHHHH]
1 1 18 0.00E+00 0.00E+00 -2.15E+04 1.86E+03 8.32E+02 T7.07E+HD3 11667.90  2.534E+06 2535508.19
1 1 19 0.00E+00 0.00E+00 O0.00E+00 7.00E-01 0.00E+00 0O.00E+DO -1.06 3.77E+02 377.01
2 1 1 5.22E+02 0.00E+00 -4.13E+04 1.17E+03 -4.00E+00 O0.00EHDO 39020.00  3.52E+06 3523427.36
2 1 2 4.27E+04 0.00E+00 -7.92E+04 9.80E+03 0.00E+00 3.92E+03 22098.00  5.14E+06 5140748.28
2 1 4 9.40E-01 3.59E+02 O0.00E+00 3.00E+00 0.00E+00 0.00E+00 1.08  1.36E+06 1363502.63
2 1 3 -1.70E+00 0.00E+00 0.00E+00 1.00E+01 0Q.00E+00 0.00E+O0 -15.20  1.45E+06 14462593.10
2 1 6 1.80E+01 0.00E+00 O0.00E+00 1.40E+01 0.00E+00 0.00E+00 6206.00 1.81E+06 1818331.00
2 1 7 2.80E+04 0.00E+00 -1.57E+05 L1.97E+04 2.52E+03 4.69E+03 82462.90 4.85E+06 4832073.33
2 1 8 2.42E+04 0.00E+00 -5.07E+04 2.95E+04 4.00E+00 6.18E+03 52484.00  3.20E+07 #HHHEHHEHH
2 1 9 2.59E+04 0.00E+00 -7.38E+04 3.32E+03 0.00EH+00 1.52E+H04 28093.00  1.7AE+07 HHHHHHH
2 1 10 7.96E+02 0.00E+00 -1.10E+04 1.04E+04 2.20E+00 5.10E+H03 9865.00  7.25E+06 7265796.83
2 1 11 2.58E+04 0.00E+00 -5.22E+04 1.30e+03 0.00EH+00 1.19E+H04 14963.90  1.2BE+H07 #HHHEHHHH
2 1 12 4.24E+04 0.00E+00 -1.26E+05 3.22E+03 0.00E+00 2.61E+04 53837.50  B8.25E+06 5250520.30
2 1 15 1.06E+05 O0.00E+00 -3.23E+05 4.88E+04 0.00E+00 3.03E+04  140437.50 1.18E+07 | sHHHHIHH]
2 1 18 1.05E+04 0.00E+00 -3.28E+04 1.85E+03 8.32E+02 7.83E+03 11657.30 2.534E+06 2538837.90
2 1 19 -1.80E-01 0.00E+00 O0.00E+00 7.00E-01 0.00E+00 O0.00E+HDO -0.95  3.79E+02 378.50
2 2 1 1.02E+03 0.00E+00 -4.13E+04 1.17E+03 -4.00E+00 0.00E+D0 39004.00  3.52E+06 3523145.22
2 2 2 4.27E+04 0.00E+00 -7.592E+04 95.80E+03 0.00E+00 3.92E+03 22080.00  5.14E+06 5140575.28
2 2 4 8.70E-01 3.58E+02 0.00E+00 2.00E+00 0.00E+00 0.00E+00 2.09  1.36E+06 1358630.76
2 2 3 -1.60E+00 0.00E+00 0.00E+00 2.00E+01 0.00E+00 0.00E+O0 -12.30 1.44E+06 14436591.10
2 2 6 -5.80E+01 0.00E+00 0.00E+00 8.20E+01 0.00E+00 0.00E+O0 6209.00  1.81E+06 1813165.00



PROCEDURE

4. Groundwater depletion rate into monthly, annual, peak, and non-peak volumes
- cubic feet per day to acre-feet unit

Monthly Acre -
Volume Calculations Cf  feet per Zone 18-
ZOME STR_DEPL Time [cubic feet) 12/31/1939 per Month month Seasons Annual
15 116679 1 117E+04 1/30/1940 354361961 B8.13503
18 11657.3 140608 1.64E+05 2/29/1940 353212 874 B.10865
15 11544.2 16.873 1.96E+D5 3/31/1940 3503900437 B.04385
18 11658 20.2476 2.36E+05 4/30/1940 350663.6525 B.05013
18 115144 2432971 2.80E+05 5/31/1940 3509401767 B8.05648 403941
18 115236 2915685 3.36E+05 6,/30/1940 3512020527 B8.068249
18 115322 349378 403E+05 7/31/1940 3515366216 807017
18 115458 419353 485E+05 2/30/1940 3516396697 B8.07254 2432052
18 11557.1 50.3824 5S5.8ZE+05 9/29/1940 351826.7862 B.07683
18 115669 604589 6.99E+05 10/30/1940 3517540698 B8.07516
18 115601 72.5507 B.39E+05 11/29/1940 351620.2882 B8.07209
12/30/1940 3516220495 B.07213 56.8956
1/29/1941 351949109 B.079654
15 115641 140608 1.63E+05 3/1/1941 352521.368 B.09278
15 11576.8 16.873 1.95E+05 3/31/1941 3541977208 8.13126
18 11569.6 20.2476 2.34E+05 5/1/1941 3562819298 8.17911
18 116318 242971 2.83EH05 5/31/1941 359296.3759 B.24831 73.0273
18 11656 29.1565 3.40E+05 6,/30/1941 361829.1433 B.30645
18 11758 349878 4.11E+05 7/31/1941 366352924 541031
18 11591 419353 499E4+05 2,/30/1941 3695306452 B48376 2532
18 120442 503324 60OTEHOS 9/30/1941 3748856773 B.60619
18 12325 604589 7A45E+05 10/30/1941 3773664734 B.66314
18 12536 72.5507 S.09E+05 11/30/1941 3813039622 B.75353
12/30/1941 3813058721 B8.75358 100.708
1/29/1942 387952.393 B.90616
15 126748 140608 1.73E+05 3/1/1942 396968.145 9.11313
15 128232 16.873 2.16E+05 3/31/1942 4043792034 928327
15 129908 20.2476 2.63EH05 5/1/1942 4112766884 9.44161
18 131885 242971 320EH+05 5/31/1942 4173106049 958013 B81.1008
18 133921 2915585 3.90E+05 7/1/1942 421804 8536 9.68331
18 136225 349878 477EHIS 7/31/1942 4291009228 9.8508



PROCEDURE

3. Calculation of groundwater depletion rate (

1 Date Stream Depletion [ac-ft)

2 1 2 4 5 6 7 8 El 10 11 12 +18 15 19 2+19
3 lan-40 033542 154236 000113 433459 576181 36.6146 198741 655182 106827 198741 983216 0 154236
4 Feb-40 0.33613 153298 2.5E-05 431193 576462 363036 205755 693803 107381 205755 99.138 0 153298
5 Mar-40 0.3368 2.00836 o 42532 57.7975 35473 207434 657169 100004 207434 996372 0 2.00836
] Apr-40 033751 15204 o 426128 58.1685

7 May-40  0.3382 15185 o 426449 585525

8 Jun-40 0.33851 1.01482 o 426586 58.8627

g Jul-40  0.33%6 151577 o 426723 593267

10 Aug-40 034031 151503 o 426739 591875

11 Sep-40 0.34102 151385 o 426783 5849558

12 Oct-40 034171 151316 o 4262 591957

13 MNov-40 034242 151197 o 425247 5895753

14 Dec-40 034311 151198 o 42525 595756

15 Jan-41 0.34382 15.0802 o 425332 b51.0988

16 Feb-41 034454 149937 0.0097 423657 63.1406

17 Mar-41 0.34518 3.08173 0.0073
18 Apr-41 034589 151661 0.00693
19 May-41 034658 151471 00012

421587 64.7619
41993 66.2583
420603 675584

0000000000000 000000000000000000

20 Jun-41 034725 1.03576 o] 421053 685325
21 Jul-41 0.34798 15.0275 o] 420648 700427
22 Aug-41 0.34869 15.0088 o] 424207 706697
23 Sep-41 03494 149902 0 430205 7172162
24 Oct-41  0.35009 149715 0 429917 72.2995
25 Mov-41 03508 149529 0 429437 732102
26 Dec-41 055145 149342 o] 425439 732105
27 lan-42 03522 148156 o] 428539 736334
28 Feb-42 0.35292 14.8969 o] 429769 742254
piz] Mar-42 0.35356 3.15714 0 429771 747072
30 Apr-42 035427 151281 0 430108 75.1636
31 May-42 035496 15.1092 0 430601 755538
32 Jun-42 035567  1.0648 o] 430599 758441
33 Jul-42 0.35636 14.8783 0 431262 76.53202
34 Aug-42 035707 148586 0 00093 431512 765067
35 Sep-42 035778 14841 0 002493 43195 76.8232
36 Oct-42 0.35847 14.8223 0 001532 432282 77.0193
37 Mov-42 035918 148037 0 0 432789 773281
38 Dec-42 035987 14785 o] 0 432791 773285

20 lan-43 0.56058 147664 0 0 432659 774681
40 Feb-43 0.36129 147477 0.03116 0.18245 4.34147 77.6864
41 Mar-43 036194 323255 007592 039824 437696 77.9744




PROCEDURE

3. Calculation of groundwater depletion

1 Stream Depletion (ac-ft) GW Pumping (ac-ft)
2 | Date 1CENEB  13+7 UNW 1CENEB 137 UNW
3 | Jan-40 033542 28.839163
4 | Feb-an 033613 28.839865
5 | Mar-40 03368 28.340413
6 | Apr-ad 033751 28839792 Wrn R s B St 1o Soam
7 | May-20 03382 28.839128 Neotzers River Gordon 1o Spaks Vst e
8 | Jun-40 033891 28.839752 s Ry Aner BT Spancar o Niosaara
9 | 1ul-a0 03396 28.839831
10| Aug4D 034031 28.839163 Nostrars R Box Buta s Gsdon Ghharn v Avova o
11| Sep-4D 034102 28.839182
R— . .
12| octan 034171 28.839755
13| Nov-4D 034242 28.339200 et Pt Bl S Lawten KA Loy e
14| Dec-an 034311 28839354 s Lovp BRI, pam s b N Band
15| Jan-a1 034382 29511667
16| Feb-d1 034454 29512385 S s S
17| Mar-a1 034518 29512952
18| Apr-41 034580 29512311 Waie Bace Riva Ateve Brdiod e A v b e e sane ..j-.
19| May-41 034658 29511632 g Q \\’\\9 e ~
20 un-al 034720 2951227 t“ ) ccn o st P, Oreiic ceans vt { "“{V
21| Jul4l 0.34798 29.512351 Soutn Piasa Riar FrenchmanGiaes RS S e 2
22| Aug-4l 034869 29511667
23| sep-al D349 29511687 Rasusicnn e coremmne e
24| Oct-41 035000 29512273 e
25| Nov-41 03508 29511715 rimact e
26| Dec-41 035149 29511863
27| lan-42 03522 30182503
28| Feb-a2 035202 30183237
29| Mar-42 035356 30183817
30| Apr-42 035427 30183161
31| May-42 035496 30182467
32| lun-42 035567 30183119
33| 1ul-42 035636 30183203
34| Aug42 035707 30182503
35| Sep-42 035778 30182523
36| Octd2 035847 30183123
37| Nov-42 035918 30182551
38| Dec-d2 035987 30182703
39| Jan-43 035058 30,855
40| Feb-43 036129 30855751
41| Mar-a3 035194 30856343
42| Apr-43 036265 30.855673
43| May-43 036334 30.854963
42| un-a3 036405 3085563
45| U443 036474 30855716
46| Aug-43 036545 30855
47| sep-43 036616 3085502
48| Oct-43 036685 30855634
49| Nov-43 036756 3085505
50| Dec-43 036825 30.855204
51| Jan-44 036896 31529167
52| Feb-as 0.36967 31520034

A4+ i [EEIEEEAETTE. Niobrara R Gordon to Sparks . Niobrara R Sparks to Spencr Bazle Creek AT MR N WP AISOUEHIIGURIREY Lower Loup R SEKNGMIRIDOVEIIOr oI 2 e N T | 4 il
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